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ABSTRACT
In order to understand the diversity of classes observed in active galactic nuclei (AGN), a geometrically and optically
thick torus of gas and dust is required to obscure the central engine depending on the line of sight to the observer. We
perform a simultaneous fitting of X-ray and mid-infrared (mid-IR) spectra to investigate if the same structure could
produce both emissions and, if this the case, to obtain better constraints for the physical parameters of the torus.
In this case we take advantage of the fact that both emissions show important signatures of obscuration. We used
the nearby type-2 active nucleus IC 5063 as a test object. This object is ideal because of the wealth of archival data
including some high resolution data. It also has a relatively high AGN luminosity that dominates at both X-ray and
mid-IR frequencies. We use high spectral resolution NuSTAR and IRS/Spitzer spectra. The AGN dusty models used
several physically motivated models. We found that the combination of the smooth torus models at mid-IR by Fritz et
al. (2006) and at X-rays by Balokovic´ et al. (2018), with the viewing and half-opening angles linked to the same value,
is the best choice to fit the spectra at both wavelengths. This allows us to determine all the parameters of its torus.
This result suggests that the structure producing the continuum emission at mid-IR and the reflection component at
X-ray is the same. Therefore, we prove that this technique can be used to infer the physical properties of the torus,
at least when AGN dust dominates the mid-IR emission and the reflection component is significant at X-rays.
Corresponding author: D. Esparza, PhD student
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1. INTRODUCTION
According to the simple unification model (UM) of ac-
tive galactic nuclei (AGN), a toroidal structure (broadly
referred as the torus) provides the anisotropic obscu-
ration needed to explain the diversity of AGN proper-
ties observed across the electromagnetic spectrum (An-
tonucci 1993; Urry & Padovani 1995). The line of sight
(LOS) to the observer with respect to the torus, its ge-
ometry, chemical composition, and distribution are keys
to understand AGN diversity, perhaps linked to fun-
damental changes for different AGN classes (Shlosman
2005; Elitzur & Netzer 2016).
This torus absorbs optical/UV accretion disc radiation
and re-emits it at infrared wavelengths (see Netzer 2015;
Ramos-Almeida & Ricci 2017, for a review). Radiative
transfer models based dust distributed on a toroidal ge-
ometry have been proven to be successful in reproducing
the infrared spectral energy distribution (SED) of AGN
(e.g. Hatziminaoglou et al. 2008, 2009; Ramos-Almeida
et al. 2009; Alonso-Herrero et al. 2011; Ho¨nig & Kishi-
moto 2017). Initially, most authors used smooth dust
distributions with different radial and vertical density
profiles by simplicity (e.g. Pier & Krolik 1993; Granato
& Danese 1994; Efstathiou & Rowan-Robinson 1995;
Schartmann et al. 2005; Fritz et al. 2006). It was later
proposed that the dust is most probably arranged in
clouds instead of being smoothly distributed (e.g. Kro-
lik & Begelman 1988; Tacconi et al. 1994). The dusty
torus has been the subject of several kinds of models
that aimed to extract physical (e.g. optical depth) and
geometrical (e.g. orientation and size) properties from
SED and, in some cases, interferometric observations.
We can divide them into four kinds: smooth (Fritz et
al. 2006), clumpy (Nenkova et al. 2008a,b; Ho¨nig et al.
2010a; Ho¨nig & Kishimoto 2010b), smooth + clumpy
(Stalevski et al. 2012; Siebenmorgen et al. 2015), and
windy (Ho¨nig & Kishimoto 2017). Since two decades
already, adjusting models to IR spectra and broad band
SEDs, has been the one and only mean in the attempt
to derive clues on the dust geometry, composition and
on its geometrical distribution.
Furthermore, signatures of reprocessing emission by
the torus in the X-ray band arise primarily from inter-
action of X-ray photons with the surrounding gas (Ghis-
ellini et al. 1994; Krolik et al. 1994). The main two fea-
tures are the neutral iron line around 6.4 keV (FeKα)
and the Compton hump peaking at ∼10-30 keV. These
features have been observed in the X-ray spectra of most
AGN (e.g. Matt et al. 1991; Ricci et al. 2014). Repro-
cessed continua are known to vary as a function of ge-
ometry of the reprocessing material (Nandra & George
1994). It has been suggested that both the Compton
hump and the narrow cores of the FeKα emission line
in AGNs are likely produced in the torus (see Shu et al.
2010; Liu & Wang 2010; Fukazawa et al. 2016), being
an ubiquitous component in Seyfert galaxies (Bianchi
et al. 2004). Therefore, X-ray spectral fitting to the
high energy continuum emission (above 10 keV) and the
FeKα line might provide important information about
the torus geometry, cloud distribution, and opacity.
The 100-fold increase in sensitivity in the hard X-ray
band (>10 keV) brought by NuSTAR (Harrison et al.
2013) made possible to study the spectral signatures of
the torus for the first time. Empirically, spectral models
with approximately toroidal geometry have been calcu-
lated by Murphy & Yaqoob (2009) (MyTorus), Ikeda et
al. (2009), Brightman & Nandra (2011) (BNtorus), Liu
& Li (2015) (ctorus), Furui et al. (2016) (MONACO),
and Balokovic´ et al. (2018) (borus02). Several of them
are currently available to the community.
For this work, we selected the type-2 Seyfert IC 5063
as a test object. This AGN is located at the center
of a nearly lenticular galaxy at 46 Mpc (Alonso-Herrero
et al. 2011). This galaxy contains a disc with large-
scale dust lanes (Morganti et al. 1998), possibly result-
ing from a merger (Morganti et al. 1998). According
to Ichikawa et al. (2015) the bolometric luminosity of
IC 5063 is 3.38× 1044 erg s−1. At X-ray wavelengths,
IC 5063 has been observed with GINGA (Koyama et al.
1992), ASCA (Tanaka et al. 1994), and ROSAT (Pf-
effermann et al. 1987; Vignali et al. 1997). More re-
cently, IC 5063 was observed at X-ray wavelengths with
NuSTAR (Balokovic´ et al. 2018, see also Balokovic in
prep for details on the X-ray spectral analyses). At in-
frared wavelengths, Peeters et al. (2004) observed this
source with the ISO satellite determining that it is dom-
inated by the AGN with little evidence of polycyclic
aromatic hydrocarbon (PAHs) molecule emission. The
dusty torus properties of IC 5063 have been explored
through high angular resolution near and mid-IR photo-
metric data (Ramos-Almeida et al. 2009, 2011; Alonso-
Herrero et al. 2011) and clumpy models of Nenkova et al.
(2008a,b), allowing a direct comparison with our results.
In this paper, we present a new technique to combine
X-ray and mid-IR spectral information to make a simul-
taneous fit to torus models. We demonstrate that our
method can successfully constrain the torus parameters
and obtain information more complete in both ranges
of wavelengths. The X-ray and mid-IR observations are
presented in Section 2. Subsequently, the spectral fitting
methodology is shown in Section 4. The main results
and discussion, within the framework of our goals, are
presented in Sections 5 and 6. Finally, a brief summary
and conclusions are given in Section 7.
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Figure 1. The Spitzer/IRS spectrum and photometric data.
The orange and green points are measurements from VLT
and Gemini, respectively.
2. DATA
2.1. X-ray data
There are several X-ray observations available in the
archives of different satellites for IC 5063. However, we
need to cover energies above 10 keV because it is the
aim of this paper to constrain the reflection component
associated to the torus. The NuSTAR is the first fo-
cusing hard X-ray telescope with high sensitivity1. This
gives the advantage to observe with a single mode from
∼3-79 keV, perfectly suited to study the AGN reflection
component. Therefore, we use the hard band spectrum
observed with NuSTAR (Harrison et al. 2013), includ-
ing both FPMA and FPMB focal plane modules. NuS-
TAR has observed IC 5063 once (ObsID 60061302002,
P.I. Harrison) on July 8th of 2013.
NuSTAR data reduction was done using the data
analysis software NuSTARDAS v.1.4.4 distributed by
the High Energy Astrophysics Archive Research Cen-
ter (HEASARC). The calibrated, cleaned and screened
event files were generated using the nupipeline task
(CALDB 20160502). A circular region of 1 arcmin ra-
dius was taken to extract the source and background
spectrum on the same detector and to compute the re-
sponse files (RMF and ARF files) using the nuprod-
ucts package within NuSTARDAS. Finally, we used the
grppha task within the FTOOLS to group the spectra
with at least 60 counts per bin. The net exposure is
18.4 ksec. We found some cross-calibration issues be-
tween the FPMA and FPMB modules, larger below ∼3
keV. We used the NuSTAR data above 3 keV to avoid
them.
1 https://heasarc.gsfc.nasa.gov/docs/nustar/
2.2. Mid-IR data
Regarding the IR data, we used the high-resolution
Spitzer/IRS spectrum downloaded from the CASSIS2
catalog (the Cornell AtlaS of Spitzer/IRS Sources,
Lebouteiller et al. 2011). The spectral resolution of
Spitzer/IRS (R ∼ 60− 130) is similar to that obtained
by ground based observations. The Spitzer/IRS spec-
trum could have a high contribution of galaxy emission
due to its relative low spatial resolution. Note that we
could overcome this issue by including stellar libraries to
the fit. However, the inclusion of these libraries signifi-
cantly worsen the estimate of the resulting parameters
(Gonza´lez-Mart´ın et al. 2019a,b). In order to investigate
it, we compared this spectrum with ground-based high
spatial resolution fluxes (see Figure 1). In particular,
we compiled VISIR/VLT and T-ReCS/Gemini fluxes
in Si28.73µm, N-band10.4µm, SIV10.5µm, PAH211.3µm,
NEII 112.3µm, and Qa18.2µm filters reported in NED
3
(Ho¨nig et al. 2010a; Ramos-Almeida et al. 2011). These
data provide high-spatial resolution fluxes (∼ 100 pc).
We found that the Spitzer/IRS spectrum shows slightly
higher fluxes than the VLT and Gemini photometric
data points, although those are well in agreement when
ground-based flux calibration uncertainties are taken
into account (15% at N-band and 25% at Q-band of the
flux according e.g. Ramos-Almeida et al. 2011).
In fact, Asmus et al. (2014) studied the T-ReCS and
VISIR images of IC 5063 and found a compact but
consistently elongated mid-IR nucleus (FWHM(major
axis)∼ 0.52 arcsec ∼ 110 pc; PA∼ 107◦) without any
further host emission detected. They found that the di-
rection of this elongation coincides with the extended
[O III] line emission. Additionally, Ho¨nig et al. (2010a)
compares the photometric data with the Spitzer/IRS
and VISIR spectra extracted over 0.75 arcsec and found
that the that agrees well. Indeed, according to Panuzzo
et al. (2011) the continuum of IC 5063 in the low reso-
lution Spitzer/IRS spectrum is dominated by hot dust,
most probably coming from the AGN torus. They did
not find PAH feature emission, although some forbidden
lines were detected. The lack of strong stellar or star-
burst components makes the Spitzer/ IRS spectrum of
IC 5063 ideal to study the torus parameters throughout
mid-IR spectral fitting.
In order to perform spectral fitting to the data,
we converted the mid-IR Spitzer/ IRS spectrum into
XSPEC format using flx2xsp task within HEASOFT.
This tool reads a text file containing one or more spec-
2 http://cassis.astro.cornell.edu/atlas/
3 https://ned.ipac.caltech.edu/
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tra and errors and writes out a standard XSPEC pulse
height amplitude (PHA4) file and response file. This
will allow us to perform X-ray and mid-IR simultaneous
fit too.
3. THE MID-IR AND X-RAY MODELS
We give here a brief summary on the characteristics of
the models used to fit X-ray and mid-IR spectra. Both
wavelengths carry information on the torus-like struc-
ture that obscures the accretion disc for certain viewing
angles. Both models are produced using radiative trans-
fer codes including the physics required to account for
mid-infrared and X-ray main continuum features. The
mid-IR models include re-emission due to dust while X-
ray models mainly include reflection in neutral gas.
3.1. X-ray model
The bulk of the AGN emission is produced in the ac-
cretion disc and emitted at optical and ultraviolet (UV)
wavelengths. A portion of this emission is reprocessed
by a corona of a hot electrons plasma close to the ac-
cretion disc that scatters the energy in the X-ray bands
due to inverse Compton (Netzer 2015; Ramos-Almeida
& Ricci 2017, and references therein). This comptoniza-
tion produces one of the three main components of X-ray
spectra known as the intrinsic continuum. It is mod-
elled by a power law with a spectral index (Γ) typically
around 1.8-2.3 (e.g. Yang et al. 2015). This feature dom-
inates the spectral emission above 2 keV and it is a dis-
tinctive signature of the AGN emission. Some part of
this primary emission is absorbed by the torus or the
broad line region and another is reprocessed by a dis-
tant material (e.g. the inner walls of the torus) and
it gives place to the second most relevant component,
named Compton hump with a maximum of its emission
at ∼30 keV (Ricci et al. 2011). The reflection compo-
nent depends on the shape of the reprocessing material,
both its geometry and density (Ghisellini et al. 1994).
This structure could be the torus and depends mainly on
the geometrical covering factor of the reprocessed ma-
terial and its average NH. The third component is the
FeKα emission line, which origin is the reflection of X-
ray photons. The origin of the narrow FeKα line might
also be associated to the torus, while the broad FeKα
line is thought to be originated in the inner parts of the
accretion disc (Fabian 1998; Laor 1991). This analysis
is based on the hypothesis that the reprocessor is the
torus, which seems to be the case for the vast majority
of the sources (Matt et al. 1991).
4 Engineering unit describing the integrated charge per pixel
from an event recorded in a detector.
The reflection component of AGN has been studied
through different models (e.g. Murphy & Yaqoob 2009;
Ikeda et al. 2009; Brightman & Nandra 2011; Liu & Li
2015). In this work, we used a new grid of X-ray spectral
templates called borus02 model presented by Balokovic´
et al. (2018). These templates were based on BORUS, a
radiative transfer code which assumes a toroidal geom-
etry of neutral gas. To generate the borus02 templates
the geometry was simplified as a smoother toroidal dis-
tribution of gas. This geometry approximation is rep-
resented as a uniform-density sphere with two conical
polar cutouts with the opening angle as a free parame-
ter, such as the one employed by Brightman & Nandra
(2011) (see also Balokovic´ et al. 2018, for more details).
The borus02 model allows us to explore the following
parameters of the torus: 1) the average column density
(NHtor ), 2) the relative abundance of iron (AFeKα), and
3) the angular size (θtor). Additionally, borus02 con-
sidered the incident emission in the torus as a power
law with index Γ multiplied by an exponential cutoff
(e(−E/Ecut)). Finally an additional parameter controls
the viewing angle of the torus relative to the observer
(θinc). Fig.2 (top-right corner with orange labels) shows
the geometry and parameters associated to borus02.
3.2. Mid-IR model
The dusty torus has been the subject of several AGN
models at mid-IR wavelengths that aimed to extract
physical properties from SED. In this work, we used
three of these SED grids to fit our mid-IR spectra:
Smooth (Fritz et al. 2006; Feltre et al. 2012), Clumpy
(Nenkova et al. 2008a,b), and CAT3D-WIND (Ho¨nig &
Kishimoto 2017). These models are based on radiative
transfer codes that use different geometrical distribu-
tions and compositions of dust. In Figure 2, we show
a cartoon that summarises the geometry assumed for
these models. Below we give a short description for each
model.
• Smooth model: This model has a torus-like morphol-
ogy. It was created by modelling a flared disc created as
two concentric spheres, delimiting, respectively, the in-
ner (Rin) and the outer (Rout) radius of the torus with
the polar cones removed. It considers graphite grains
with radius aG = 0.05µm and sublimation dust tem-
perature of 1500k to compute the Rin (see Eq.5 from
Barvainis 1987). It describes the dust density in polar
coordinates (see Eq.3 in Fritz et al. 2006) and allows
to explore the following parameters of the torus: 1) the
viewing angle of observer toward the torus (iF06), 2) the
half opening angle (σ), 3) the exponent of the logarith-
mic elevation density distribution (γ), 4) the exponent
of the power law of the radial profile of the density dis-
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Figure 2. Geometry of the borus02 and the three mid-IR models used in this paper. The borus02 model by Balokovic´ et al.
(2018) is shown as a torus cut surface above the equatorial plane and filled in dark gray gradient. The smooth torus model by
Fritz et al. (2006) is shown as a torus cut surface below the equatorial plane and filled in light gray. The clumpy torus model by
Nenkova et al. (2008b) is shown as a torus cut surface below the equatorial plane filled with gray clouds. The CAT3D-WIND
model by Ho¨nig & Kishimoto (2017) is shown as a disc+wind cut surface above the equatorial plane and filled with blue clouds.
Clouds represent models with clumpy distribution of dust. The parameters for each model are shown with different colors:
borus02 (orange), Smooth (green), Clumpy (blue), CAT3D-WIND (purple), and borus02 (orange). In all of them we show an
example of a view for a Sy1 and a Sy2.
tribution (β), 5) the equatorial optical depth at 9.7 µm
(τ9.7 µm), and 6) the outer-to-inner radius ratio (Y ).
• Clumpy model: The clumpy model considers a for-
malism where an AGN is surrounded by a toroidal distri-
bution of dusty clouds. This assumes a standard Galac-
tic composition (of 53% silicates and 47% graphite) of
dust. Among them the most extensively used one is
the Clumpy model of Nenkova et al. (2008b) (although
see also Ho¨nig & Kishimoto 2010b) due to their large
number of SEDs and probed ability to explain the mid-
IR emission of low luminous (Gonza´lez-Mart´ın et al.
2017), intermediate luminous (e.g. Ramos-Almeida et
al. 2009), and high luminous (Mart´ınez-Paredes et al.
2017) AGNs. The model parameters are: 1) the viewing
angle (iN08) respect to the polar plane, 2) the number of
clouds in the equatorial plane of the torus (N0N08), 3) the
half angular width of the torus (σ), 4) the ratio between
the inner and the outer radius (Y = Rout/Rin), 5) the
slope of the radial distribution of clouds described by a
power law (q), and the optical depth for the individual
clouds (τν).
• CAT3D-WIND model: The CAT3D-WIND model
is built upon the hypothesis that the dust around the
AGN consists of a geometrically thin disc of optically
thick dust clumps and a outflowing wind described by
a hollow cone composed by dusty clouds. The near-IR
emission up to ∼ 5µm is due to an inflowing disc in the
equatorial plane, while the main contributor to mid-IR
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emission is the polar dust. The distribution of the dust
clouds in the disc is described with the following param-
eters: 1) the power law slope (a), 2) the inner radius
(Rin) that denotes the distance from the AGN in units of
the sublimation radius, 3) the dimensionless scale height
(h) from the mid-plane of the disc of the vertical Gaus-
sian distribution of clouds in units of the sublimation ra-
dius, and 4) the average number of dust clouds (N0H17)
along the equatorial LOS of the disc. The polar outflow
is modeled as a hollow cone with the following param-
eters: 1) the radial distribution of dust clouds in the
wind (aw), 2) the half-opening angle of the wind (θw),
and 3) the angular width (σθ). Finally, two further pa-
rameters are common to both components, such as the
inclination angle towards the observer (iH17) and the
ratio between the number of clouds along the cone and
N0H17 of the disc (fwd). This model considers a stan-
dard composition disc (similar to clumpy models) and
an outflow composed by large grains.
The SEDs produced by the smooth and the clumpy
models are defined in a 0.001µm - 1000µm wave-
length range and those produced by the CAT3D-WIND
model cover a wavelength range between 0.01µm and
36, 000µm.
3.3. Derived quantities
3.3.1. Covering factor
We calculate Cf in both X-ray and mid-IR models.
We use the relationship between the Cf and θtor given
by: Cf = cos(θtor). Note that this is a simplistic ap-
proximation that assumes that the clouds take up most
of the torus volume, following the prescription given by
Balokovic´ et al. (2018).
We can also calculate the Cf using the mid-IR pa-
rameters. To derive the equation of the Cf of Smooth
model (Cf F06), we take into account the extinction coef-
ficient, the density distribution along the radial and po-
lar distances, the normalization constant, and β value
(see equation 3 from Fritz et al. 2006). Note that we
assumed a β = 0 because this number only have two
values in the SED provided (0 or 1) and we obtained
a value close to zero for our best fit. For the Clumpy
model we calculate this Cf (Cf N08) using the equation
9 from (Nenkova et al. 2008a) and the angular distribu-
tion of clumps (Feltre et al. 2012). A similar equation
is used to calculate the Cf for each component (wind
and disc) for the CAT3D-wind model, with the total Cf
as the sum of the two components. Note that the Cf of
the wind, is calculated as the subtraction of two toroidal
structures as in Ho¨nig et al. (2010a) with a half opening
angle of θw + σθ and θw, respectively. Using our nota-
tion for each parameter, these are the equations required
to compute Cf :
• Smooth model (case β = 0)
CfF06 =
ln(τ9.7)
γ
(1)
• Clumpy model
CfN08 = 1−
∫ pi/2
0
cosβeN0N08e
−β2/σ2
dβ (2)
• CAT3D wind model
CfH17 = 1 +
∫ pi/2
0
cosθeN0we
−θ2/θ2w
dθ
−
∫ pi/2
0
cosθeN0we
−θ2/(θw+σθ)2
dθ
−
∫ pi/2
0
cosθeN0de
−θ2/σ2ddθ
(3)
where σd = arctanh/2.
3.3.2. Dust Mass
We also estimate the total dust mass (Mtor) using the
parameters obtained for each model. This value is ob-
tained from the integration of the density distribution
of dust over the volume. We use the equation 9 from
Mor et al. (2009) given q = 2 for the Clumpy model.
We follow the equations in table 1 from Ho¨nig et al.
(2010a) to compute the mass for the CAT3D disc-wind
model. We sum up the contributions of the disc and
the wind, with the latter obtained as the subtraction of
two toroidal distribution with angular width of θw − σθ
and θw. Note that we analytically derive the mass equa-
tions assuming β = 0 for the Smooth model and q = 2
for the Clumpy model because these values are close to
the results that we find for our object (see Table 1 and
Section 5). Using our notation for each parameter, the
equations to compute the total dust mass are:
• Smooth model (β = 0)
Mtor(F06) =
4piτ9.7
3κγ
(R3out −R3in)(1− e−γ)
Rout −Rin (4)
where κ is extinction coefficient in the Milky Way.
• Clumpy model (q = 2)
Mtor(N0N08) = 4pi sin(σ)N0N08 ∗NR2inY
Y
2log10Y
(5)
where N = NH ∗Aν ∗mH is the NH multiplied by
the extinction due to dust (obtained from τν and
assuming a constant dust-to-gas ratio) times the
hydrogen mass in units of kg for a single cloud.
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• CAT3D-wind model5
Mtor(H17) =
N
√
pi
R2cl;0
× (N0w(f(θw−σθ) − fθw) +N0dfσd)
(6)
where fθ0 function is defined as (Ho¨nig et al.
2010a)
fθ0 = θ0e
−θ20/4
×
(
Erf
pi − iθ20
2θ0
+ Erf
pi + iθ20
2θ0
) (7)
The constant dust-to-gas ratio relation assumed is
NH = 1.9× 1021 ∗ 1.086 ∗ τν (Bohlin et al. 1978).
4. SPECTRAL FITTING
Spectral fitting is performed using the XSPEC fit-
ting package. XSPEC is a command-driven, interac-
tive, spectral-fitting tool within the HEASOFT6 soft-
ware. XSPEC has been used to analyze X-ray data such
as ROSAT, ASCA, Chandra, XMM -Newton, Suzaku,
NuSTAR, or Hitomi. XSPEC allows users to fit data
with models constructed from single emission compo-
nents coming from different mechanisms and/or physi-
cal regions. XSPEC already includes a large number of
models but new ones can be incorporated using the at-
able task. The borus02 templates have been included
in XSPEC using this tool. In particular we use the χ2
statistics (through the standard χ2r = χ
2/d.o.f., where
d.o.f is the number of degrees of freedom which is equal
to the number of data bins in the spectrum minus the
number of free parameters) and we assess the goodness-
of-fit performing a test to reject the null hypothesis that
the observed data are drawn from the model. The pa-
rameter confidence regions are found by surfaces of con-
stant delta statistic from the best-fit value (error task).
Finally, XSPEC also allows us to find simultaneous con-
fidence regions of multiple parameters to study the de-
generacy among parameters.
X-ray data and models used in this analysis are al-
ready formatted to be used within XSPEC. To use these
capabilities for the mid-IR spectra (and simultaneous X-
ray and mid-IR fitting), we converted the data (see Sec-
tion 2) and models (see Section 4.1 below) to XSPEC
format.
4.1. Mid-IR models in XSPEC
5 Note that these equations are derived from Ho¨nig et al.
(2010a) assuming b = 1 as in Ho¨nig & Kishimoto (2017).
6 https://heasarc.gsfc.nasa.gov
We converted the mid-IR models SED libraries to
multi-parametric models within the spectral fitting tool
XSPEC as an additive table. The basic concept of a
table model in XSPEC format is that the file contains a
N-dimensional grid of model spectra with each point on
the grid calculated for particular values of the N param-
eters in the model. XSPEC will interpolate on the grid
to get the spectrum for the parameter values required
at that point in the fit. To adapt mid-IR models we
firstly created a one-parameter table (in fits format) as-
sociated to all the SEDs using the flx2tab task within
HEASOFT. Note that each of the SEDs have been in-
terpolated using 5,000 steps between the minimum and
maximum wavelengths due to the need of equally spaced
SEDs. We then, wrote a python routine to change the
headers associating each SED to a set of parameters.
This model has the free parameters described in Section
3.2 plus redshift and normalization. For the clumpy
model we were not able to obtain a XSPEC model us-
ing the entire SED library due to the unpractical size of
the final model (over 100 GB). Instead of N0 =[1-15] and
σ =[15-70] in steps of 1 and 5, respectively, we slightly
constrained the number of clouds and the angular width
of the torus to the ranges N0 =[1,3,5,7,9,11,13,15] and
σ =[15,25,35,45,55,65,70], respectively. This is in order
to recover a more transferable model (∼6 GB). Note that
this does not affect our results since XSPEC interpolates
between models to find the best solution.
4.2. The total model in XSPEC
We fit the mid-IR and X-ray spectra of IC 5063 fol-
lowing a command sequence in XSPEC:
phabs ∗ (atable{borus02}+ zdust ∗ zphabs ∗ cabs ∗ cutoffpl)
+ zdust ∗ atable{midIRmodel}
(8)
where phabs is the foreground galactic absorption7.
The model borus028 accounts for the reflection compo-
nent. The zdust ∗ zphabs ∗ cabs represents the line-of-
sight absorption at the redshift of the source. Following
the recipe provided by Balokovic´ et al. (2018), we linked
the NH component to the zphabs to take into account for
the total extinction along the line-of-sight, including the
Compton scattering losses. We realised that these X-ray
absorbers are not evaluated at energies below 10−4 keV.
Therefore, mid-IR and X-ray simultaneous fit requires
that the X-ray intrinsic emission is properly absorbed
below those energies. For that reason we introduced a
7 In the case of IC 5063 this value is fix to 0.067× 1022 cm−2,
obtained by the nh tool within Heasoft.
8 We used the borus02 v170323c.fits file from
http://www.astro.caltech.edu/ mislavb/download/
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zdust component to neglect any artificial contribution of
this component to mid-IR wavelengths. This model is
also used to incorporate foreground extinction at mid-IR
wavelengths. We fixed the Ecut parameter to 300.0 keV
because our X-ray spectra only cover a wavelength range
between 3-100 keV. Also, we fixed the AFeKα parame-
ters to the solar value. We varied these parameters on
the final fit but they did not produce any statistical im-
provement. Finally, the midIRmodel is one of the three
mid-IR models described in section 3.2.
Note that the main advantage of the borus02 tem-
plates for our analysis is that it allows to constrain sev-
eral parameters closely linked to the mid-IR models (see
following sections).
5. FITTING RESULTS
5.1. Linking viewing angles
We firstly consider that the only parameter linked
between mid-IR and X-ray models is the viewing an-
gle. Therefore, we linked to the same value the mid-
IR and X-ray viewing angles as shown in Fig. 2 (i.e.
iF06 = 90 − θinc, iN08 = θinc, and iH17 = θinc). Table
1 shows the resulting values for each parameter after
fitting simultaneously the NuSTAR spectra using the
borus02 model and the Spitzer/IRS spectrum with each
of the three mid-IR models (smooth torus, clumpy torus,
or clumpy wind-disc models at columns 2, 3, and 4, re-
spectively). Hereafter, we refer to these combinations
of the borus02 model with either the Smooth, Clumpy,
or CAT3D-wind model as bS1, bC1, and bW1 baseline
models, respectively.
Regarding the X-ray parameters, we found that: (1)
the logNHtor is independent from the mid-IR model se-
lected; (2) the Γ shows slight changes depending on the
model; and (3) the θtor and θinc strongly depend on the
mid-IR model used. Note that the viewing angle θinc
is constrained when using the bS1 and bW1 baseline
models, and both angles are consistent with a Sy2.
The bS1 baseline model has four free mid-IR param-
eters; two being constrained, other two (γ and τ9.7) are
close to the upper limit defined by the model; and β is
set to β = 0, giving better results than β = 1. Only Y is
close to the upper limit among the five free parameters
for bC1 baseline model, being the other free parameters
well constrained. Finally, among the seven free parame-
ter of the bW1 baseline model, five are upper limits and
two are lower limits.
While a direct comparison between mid-IR parame-
ters from each model is indeed challenging, we compare
some mid-IR parameters among the bS1, bC1, or/and
bW1 baseline models, such as the σ, Y , N0N08 (N0w)
and the power law indices of the dust radial distribu-
tions (q, γ or aw). In particular, we can compare the
bC1 and the bS1 baseline model in terms of σ and Y pa-
rameters. Similar results are obtained for σ with both
models. The bC1 baseline model shows a large value
for the Y parameter that implies9 a torus size > 24 pc,
compared to ∼ 3.4 pc for the bS1 baseline model. The
latter is in better agreement with more recent works
(see references in Ramos-Almeida & Ricci 2017). We
also computed the number of clouds along the wind us-
ing fwd and N0d parameters (N0w = fwd∗N0d) for the
bW1 baseline model. This number is larger than the
number of clouds in the equatorial LOS for the torus
obtained for the bC1 baseline model (i.e. N0N08). We
found that aw (bW1) is very similar to q (bC1), while γ
has a higher value.
We used the reduced χ2 statistic value to assess the
goodness-of-fit for each model.The χ2/d.o.f. for the bS1,
bC1, and bW1 baseline models are reported in table
1. Note that there are not large differences between
χ2/d.o.f. from these three baseline models, although the
bW1 baseline model shows a larger χ2/d.o.f than the
other two baseline models and a slightly better χ2/d.o.f
is obtained with the combination of the borus02 and
smooth models (bS1 baseline model). In Figure 3, we
show the IC 5063 spectra and the resulting fit using bS1
baseline model. Note that the bS1 baseline model better
reproduces the [7-10] µm wavelength range compared
with bC1 and bW1 baseline models (Figures 4 and 5).
We also explored the cases in which the direction
of the inclination angle for the mid-IR models can be
inversely related to the inclination angle for the X-
ray band (i.e. iF06 = θinc, iN08 = 90 − θinc, and
iH17 = 90 − θinc). This scenario will represent a reflec-
tor neutral gas that fills up the gaps where the mid-IR
emitting dust is not present. We also obtained the statis-
tic values for these cases and we compared them with
those obtained above (i.e. direct link between viewing
angles reported in table 1). We found that this interpre-
tation of the viewing angle is worse than that assumed
before for the bS and bC1 baseline models, obtaining
a χ2/d.o.f. of 685/647 and 754/648 (i.e. ∆χ2/d.o.f. 4
and 6 compared to those reported in the table), respec-
tively. Interestingly, in the case of the bW1 baseline
model, we found that this new link between viewing an-
gles is an improvement with χ2/d.o.f. of 718/645 (i.e.
∆χ2/d.o.f. = −12).
We reported the covering factors Cfs obtained from
X-ray models using bS1, bC1, and bW1 baseline models
in table 1 (quoted as CfXray). Both bS1 and bC1 base-
9 Note that the inner radius of both models is set to the same
value.
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bS1 baseline model bC1 baseline model bW1 baseline model bS2 baseline model
borus02 + Smooth borus02 + Clumpy borus02 + CAT3D-WIND borus02 + Smooth
Parameter iF06 = 90.− θinc iN08 = θinc iH17 = θinc iF06 = 90.− θinc
(1) (2) (3) (4) (5)
Γ 1.72 ±0.070.06 1.74 ±0.060.07 1.70 ±0.060.08 1.72 ±0.070.07
log(NHtor ) 24.00 ±0.070.06 23.98 ±0.020.07 23.90 ±0.110.08 23.99 ±0.080.07
log(NHlos ) 23.25 ±0.020.02 23.25 ±0.010.03 23.26 ±0.030.03 23.25 ±0.030.02
θtor 60.0 ±2.64.5 78.3 ±0.412.4 < 21.9 56.0 (90.− σ)
θinc 75.4 ±1.31.6 87.1* 30.80 ±0.300.34 75.3 ±1.51.5
σ 34.1 ±0.81.9 34.9 ±0.214.6 - 34.0 ±2.71.0
Y 14.1 ±0.20.2 > 95.6 - 14.1 ±0.20.2
τ9.7 > 9.27 - - > 9.1
τν - 49.3 ±0.73.8 50.0* -
β 0.0 - 1.0* 0.0
N0N08 or N0w - 3.67 ±0.030.20 > 7.46 -
σθ - - < 7.2 -
θw - - > 44.6 -
γ, q or aw > 5.7 2.13 ±0.030.02 < −2.5 > 5.6
N0d - - > 9.97 -
a - - > −0.5 -
h - - > 0.5 -
fwd - - > 0.72 -
χ2/d.o.f. 681/647 708/647 730/645 682/648
Derived parameters
Rin (pc) 0.23* 0.23* 0.16* 0.23*
Rout (pc) 3.40 ± 0.05 > 23.9 450* 3.4 ± 0.05
CfXray 0.50 ±0.040.07 0.20 ±0.210.01 < 0.92 0.56±0.040.07
CfmidIR > 0.4 0.66 ± 0.01 > 0.4 > 0.4
Mtor (× 105M) > 0.06 > 30.3 < 0.2** > 0.06
Table 1. The best-fit physical parameters of the torus models for IC 5063. The columns 2, 3, and 4 show the resulting parameters
from fits assuming that inclination angles from mid-IR and X-ray models are linked. In column 5 shows the resulting parameters
from fit assuming that inclination and half opening angles from smooth and borus02 models are linked. The values marked with
* are fixed parameters. **Total mass calculated as the sum of wind and disc masses (0.03×105M from wind and 0.16×105M
from disc). Note that the CfX−ray is calculated as cos(θtor), while the CfmidIR depends on several parameters according with
the mid-IR model chosen (see Section 3.3.1).
line models give consistent Cfs within error bars while
the bW1 baseline model gives a higher Cf. Table 1 also
reports the Cfs obtained using the mid-IR parameters
(denoted as CfmidIR). Cf for different baseline models
are consistent with each other. A comparison among
CfXray and CfmidIR shows compatible results for the
bS and the bW1 baseline models. However, the Cf ob-
tained from X-rays is larger than that obtained from
mid-IR for the bC baseline model.
Finally, we check for the degeneracy among param-
eters of the fit. For this purpose we used the best fit
baseline model obtained (i.e. bS). Figure 6 shows the
two-dimensional χ2 distribution for each free parameter
(dotted lines). We found that most parameters are well
constrained within the 3σ contours. The most contro-
versial parameter is θtor which we cannot yet restrict,
being in the range [10-70] at the 2σ level. However,
note that σ parameter from the Smooth model is con-
strained and both parameters (σ and θtor) could be di-
rectly linked (see below).
5.2. Linking both viewing and half opening angles
We test here if we can link both the viewing angle
and the half opening angle in the bS1 baseline model.
Conforming to the definitions of the opening angles in
the smooth and the borus02 models, the link between
both parameters is θtor = 90− σ. Hereafter, we refer to
this new combination as bS2 baseline model. In column
5 from Table 1 we report the values obtained for bS2
baseline model.
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Figure 3. Unfolded spectra of IC 5063. The orange solid lines are the best-fit obtained from the bS1 baseline model. Left:
NuSTAR spectra are displayed with blue and purple solid lines. The magenta and green dotted lines show the the absorbed
power-law and the reprocessed components, respectively. Right: The Spitzer/IRS spectrum is shown with a black solid line.
The lower panels display the residuals between data and the best-fit model.
These new parameters are consistent within the errors
to those measured for the bS1 baseline model (reported
in Table 1). This is the case even for σ and θtor. Note
that the derived parameters Cf (X-ray), Cf (mid-IR),
and Mtor also remain the same compared to bS1 base-
line model. We compared χ2/d.o.f. from bS and bS2
baseline models through the f-test, obtaining a proba-
bility 0.37 which is greater than 10−4. Therefore, we dis-
card the hypothesis that a most complex baseline model
(bS) is better to fit the spectra; i.e., the simpler baseline
model (bS2) is enough to reproduce the data.
We also check the degeneracy among the parameters
for bS2 baseline model. In Figure 6, we show the two-
dimensional χ2 distribution for each combination of pa-
rameters when use the bS2 baseline model (solid lines).
Note that all parameters are constrained within the 3σ
contours. The advantage of linking them is that now
the half opening angle is constrained for both fits. This
slightly improves the calculus of the degeneracy of the
parameters, showing smoother contours in Fig. 6 with
no significant spoilage of the parameter restriction.
Other parameters that can be associated are log(NHtor )
and τν because both are associated to the density of the
medium. However, the relationship between both pa-
rameters is not simple. We explore this possibility in
the next section.
6. DISCUSSION
In this work, we investigate the properties of the dusty
torus of IC 5063, exploring the combination of mid-IR
and X-ray spectral fits. We discuss here if the same
structure producing the mid-IR continuum can also de-
scribe the reprocessed emission at X-ray wavelengths
(Section 6.1), what are the resulting torus properties
(Section 6.2), and if the combination can better con-
strain the physical parameters of the dusty structure
when they are used to fit simultaneous the Spitzer/IRS
and NuSTAR spectra (Section 6.3).
6.1. Link between mid-IR continuum and reprocessed
emission at X-ray wavelengths
Our first step to combine the information at both
wavelength ranges was to assume that the viewing angle
of the torus is the same. For the bS1 and the bC1 base-
line models, we found that the best options to link the
mid-IR and X-ray viewing angles are iF06 = 90. − θinc
and iN08 = θinc, respectively. These options imply a
scenario where dust and gas are in the same location
(distributed along the equatorial plane). In the case of
bW1 baseline model, we found that the best option is
iH17 = 90. − θinc. This scenario implies that most of
mid-IR emission is in the equatorial plane. Therefore,
these three baseline models are consistent with the idea
that most of the dust producing the mid-IR continuum
emission is distributed in the equatorial plane where the
torus has historically been located. Furthermore, the X-
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Figure 4. Same as Figure 3 but using the bN1 baseline model.
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Figure 5. Same as Figure 3 but using the bW1 baseline model.
ray reflector under this scenario is also in the equatorial
plane.
We reviewed and compared the reduced χ2 statistic
values for each of the baseline models. From this analy-
sis, we concluded that the best statistic is obtained when
using the combination of borus02 (X-ray) and Smooth
(mid-IR) models (the so-called bS1 baseline model) to
fit the spectra at both wavelengths. Even though this
baseline model has the best reduced χ2 it is not capable
of restricting the half opening angle from X-ray (θtor),
but it can restrict the mid-IR half opening angle (σ).
This issue is solved when both viewing and opening an-
gles are linked (bS2 baseline model). We found that
all the parameters can be constrained in bS2 baseline
model using θtor = 90− σ. The link between half open-
ing angles suggests a common origin for both emissions.
Indeed, the statistic does not improve if these two pa-
rameters are allowed to vary individually. Therefore, the
12 D. Esparza
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Figure 6. Two-dimensional ∆χ2 contours for the resulting free parameters when we used the bS1 (dotted lines) and the bS2
(solid lines) baseline models to fit IC 5063. The red, green and blue (dotted and solid) lines show the contours at 1σ, 2σ, and
3σ, respectively. The black circles and blue stars are the resulting values for each parameter using the bS1 and bS2 baseline
models, respectively. Notice that these values are reported in Columns 2 and 4 of Table 1.
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bS2 baseline model, where the viewing and half-opening
angles are tied together, is enough to explain the ob-
servations at both wavelengths. The fact that the incli-
nation and half-opening angles from mid-IR and X-ray
are directly linked to the same value is consistent with
previous results (Farrah et al. 2016). Furthermore, the
σ parameter could be related to the opening angle of
the ionization cone, which is a tracer of [OIII] emission
(e.g. Garc´ıa-Bernete et al. 2019). Schmitt et al. (2003)
presented the observation in the [OIII] filter from Hubble
Space Telescope of IC 5063. They found that this emis-
sion is extended and aligned with the radio emission
and the host galaxy major axis. These results are simi-
lar to those found by Morganti et al. (1998). According
to Schmitt et al. (2003) the [OIII] emission can be rep-
resented by a bicone centered at the nucleus, with an
opening angle of α(cone) = 60◦, extending for ∼2,6 kpc
along P.A. = −65◦ and ∼ 660 pc along the perpendicu-
lar direction. Using this measurement of the ionization
opening angle, we obtained a free of cone half opening
angle of α(cone − free) ∼ 60◦ 10. This suggests the
torus occupies a free of cone area although it does not
fill it up completely.
The borus02 model is capable of separating the den-
sity of the reprocessed material and that of the LOS.
This option allows us to explore if the material that
produces the reflection component is different from
that producing the obscuration along the LOS (see
also Balokovic´ et al. 2018). We tested the scenario
in which both NH are linked. We found that ∆χ
2
increases (χ2/d.o.f = 706.15/649) if we fit the IC 5063
spectra using the bS2 baseline model and we assume that
NHlos = NHtor (best fit result in log(NH) = 23.25± 0.02).
We compared this χ2/d.o.f. with bS2 statistic through
f-test and we obtained a low probability value of
1.91× 10−6 for the null hypothesis. Therefore, a sce-
nario where these two values are different is statistically
preferred. In Figure 7 (left), we show the two dimen-
sional χ2 distributions for NHlos versus NHtor parameters
when we used the bS2 baseline model. We found that
these parameters are not the same at 3σ level. There-
fore, NHtor is larger than the NHlos beyond parameter
degeneracy (see also Table 1). Note that in a scenario
where both parameters belong to the same structure it
is not feasible that NHtor is larger than NHlos , as it is
our case (see Table 1), because the former is the aver-
age density and the latter decreases with the azimuthal
angle. Therefore, NHlos and NHtor parameters measure
the NH of different absorbing materials. This result is
10 α(cone− free) = 180◦−α(cone)
2
also found by Balokovic´ et al. (2018). As a final caveat
on the subject, we found that NHlos , NHtor , and Γ pa-
rameter are partially degenerated. We think that this
coupling between parameters is due to the natural de-
generacy between obscuration and power-law steepness,
where high NHlos and low Γ could mimic, at a certain
level, to low NHlos and high Γ (see Figures 7 and 6).
Another way to explore the properties of the torus
taking into account the information at both wavelength
ranges is through the column density and the optical
depth from X-ray and mid-IR models, respectively. The
two parameters are associated with the density of the
obscuring material. The link between these parameters
is not straightforward because the NHtor is an average
measurement of the column density at the inner parts of
the torus (where the reflection is produced), while the
τ9.7 is a measurement of the equatorial optical depth.
We considered the relationship between extinction and
column density, assuming a constant dust-to-gas ratio
and the relation between the optical depth at 9.7µm
and that in V band (Nenkova et al. 2008b; Feltre et al.
2012) 11. Following these considerations and using the
values reported in Table 1 for the bS2 baseline model, we
obtained a column density of log(NHτ9.7 ) > 23.65 cm
−2
in the equatorial plane. This value is already consistent
with NHtor . However, strictly speaking, to compare it
with NHtor , we must calculate the average column den-
sity using the dependence of the density distribution
with the azimuthal angle. Nevertheless, the resulting
upper limit will always be less restrictive that the NHτ9.7
reported above. On the other hand, we also compare the
expected LOS column density from the dust distribu-
tion with the actual calculated the LOS column density
NHlos considering the inclination angle and the dust den-
sity distribution values from the bS2 baseline model12.
The resulting value is log(NlosHτ9.7
) > 23.03, which is con-
sistent with the NHlos value.
Therefore, we were able to find evidence suggesting
that the structure that produces the continuum (mid-
IR) and the reprocessed (X-ray) emissions is the same.
This suggests that the reflection component has its ori-
gin in the AGN torus. Indeed, the smooth and the
borus02 models individually fitting the mid-IR and X-
ray spectra (individual fits reported in Table 2), also
show consistent viewing angles and width of the torus,
11 τ9.7 = 0.042 ∗ τν
12 We used the following equation to calculate the NH
in the sight of line derived from the mid-IR optical depth:
N incHτ9.7
(cm−2) = 1.086
0.042
∗ τ9.7 ∗ 1.9 × 1021 ∗ e−γcos(θinc). This
equation consider the density function (see equation 3 in Fritz et
al. 2006), which depend on θinc and γ.
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Figure 7. Two dimensional ∆χ2 contours for the LOS, density profile, and the torus NHtor for bS (dotted lines) and bS2 (solid
lines) baseline models. The red, green, and blue lines are 1, 2, and 3σ contours. The values reported in table 1 are shows with
a black circle and blue star for bS and bS2 baseline models, respectively.
although the θtor and θinc parameters are better re-
stricted when using the bs2 baseline model. This re-
sult has been largely argued in literature although we
lacked of observational evidence. Although without si-
multaneous fitting, Farrah et al. (2016) also look for
the similarities on the geometrical distribution resulting
from the mid-infrared and X-ray spectroscopic analy-
sis of the radio galaxy IRAS 09104+4109. They con-
cluded that both obscurers are consistent with being
co-aligned, although viewing angle needed to be fixed
to that obtained at mid-infrared wavelengths. Bianchi
& Guainazzi (2007) suggested that the widespread pres-
ence of a Compton reflection component strongly favors
a scenario where most of the FeKα emission comes from
the torus and Bianchi et al. (2012) listed reasons why
these two components come from a region smaller than
100 pc, associating it to the AGN. One of the strongest
arguments in favour of an origin of the reflection com-
ponent on the torus comes from the FeKα emission
line, always attached to the Compton-hump. Iwasawa
& Taniguchi (1993) reported for the first time an anti-
correlation between the strength of the neutral narrow
core of the FeKα emission line and the 2-10 keV luminos-
ity (the so-called “X-ray Baldwin effect” or “Iwasawa-
Taniguchi” effect 13). Page et al. (2004) have also ex-
plored this effect and suggested that a possible explana-
tion is a decrease in the Cf of the Compton thick torus
when the luminosity increases (see also Boorman et al.
2018). The current work shows one of the first direct
13 The baldwin effect is an anti-correlation between the equiv-
alent width and the luminosity found in optical/UV lines.
Parameter Value
Γ 1.73 ±0.010.07
log(NHtor ) 24.00 ±0.040.04
log(NHlos) 23.25 ±0.030.01
θtor 59.9 ±2.515.4
θinc 75.5 ±2.62.1
χ2/d.o.f. 530/464
iF06 (90.− θinc) 14.9 ±0.40.4
σ 34.2 ±2.52.2
β 0.0
Y 14.1 ±0.30.3
τ9.7 > 8.9
γ > 5.6
χ2/d.o.f. 148/181
Table 2. The best-fit physical parameters using the borus02
(top) and the smooth (bottom) models for IC 5063.
evidences of the link between the reflection component
and the torus.
6.2. Parameters and derived quantities of the dusty
structure
The dust torus parameters of IC 5063 have been ex-
plored using the Clumpy model and a Bayesian ap-
proach on high-resolution spectra and/or photometry
by Ramos-Almeida et al. (2011); Alonso-Herrero et al.
(2011). The values obtained using our bC1 baseline
model, except for θinc and q do not agree with theirs.
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However, it should also be noted that the statistic ob-
tained for this baseline model is not the best for this
source. If we compare their values with the ones from
our best baseline model (i.e. bS2) we find the Y and θinc
are in well agreement with their error ranges. Mean-
while, our σ value is half of their reported value. In-
deed, the smooth model accounts for the same dust in
a smaller volume compared to the clumpy models (see
also Gonza´lez-Mart´ın et al. 2019a,b). As suggested in
the literature, the resulting model parameters and de-
rived quantities seem to strongly depend on the model
used, wavelength and/or kind of data (i.e. spectroscopy
or photometry). While they mostly rely on near- and
mid-IR photometry (with ground-based Q-band spec-
troscopy), we use spectroscopic data covering mid-IR
and X-ray.
On the other hand, Balokovic´ et al. (2018) fitted the
NuSTAR spectra of IC 5063 using borus02 model. Their
values of Γ = 1.75, log(NHtor ) = 23.3, log(NHlos) =
23.9, and θinc > 52
◦ are consistent with our values
within 1σ for the individual fits (see Table 2) and those
obtained for the bS2 baseline models (see Table 1).
The largest discrepancy is found for the θtor parame-
ter. Balokovic´ et al. (2018) found θtor < 40
◦ which is
consistent with the reported value using the individual
fit and the bS1 baseline model (see Tables 2 and 1) at
the 3σ (see Figure 6). However, this value is not con-
sistent with that obtained by the bS2 baseline model.
Note that these values are obtained assuming fix NHtor .
This might explain the discrepancy found and shows the
difficulties to restrict the θtor using X-ray data alone, re-
inforcing the need to produce a consistent picture using
multiwavelength information.
This issue is also visible in the derived quantities. In
the last row of Table 1 we report the dust masses ob-
tained from the mid-IR parameters, which cover a range
0.06− 30.3 × 105 M. Therefore, the dust mass de-
pends on the chosen baseline model to fit the spectra.
Despite this, the values are consistent with the ranges
reported in other works (Mor et al. 2009; Fritz et al.
2006). Furthermore, Cf is strongly dependent on the
baseline model used. Ramos-Almeida et al. (2011) com-
pared the properties of a large sample of Sy1 and Sy2
Seyfert tori using the clumpy torus models. They found
that the dusty torus in Sy2 is wider than in Sy1, and is
composed of a larger number of clouds with lower optical
depth. Our mid-IR covering factors (CfmidIR in Table
1) are consistent with their results (see also Brightman
2015).
We also calculated the Rout for each of our baseline
models. We find Rout > 23.9 pc (diameter ∼ 0.2”) and
Rout = 3.4 pc (diameter ∼ 0.03”) when using the bC1
and bS2 baseline models to fit the spectra, respectively.
This last Rout value is consistent with the reported by
Ichikawa & Inayoshi (2017) for IC 5063. Therefore, the
selection of the baseline model is crucial to obtain mean-
ingful results for both structural parameters and derived
quantities. Additionally, note that only the Rout ob-
tained using the bC1 baseline model could be detectable
at the best spatial resolution provided by ALMA14.
However, ALMA data is also sensitive to the radio jet
emission, so a proper study of the SED is required to
use ALMA data to study the AGN dust (Pasetto et al.
2019). Finally, we suggest for future works to test as
many models as possible with multi-wavelength spec-
troscopy to try to disentangle which models better re-
produces the data before drawing any conclusion on the
parameters.
Overall, according to the values of parameters results
using the bS2 baseline model, the IC 5063 torus is com-
pact (Rout ∼ 3.4 pc) and relatively thin (σ ∼ 34) struc-
ture. Our bS2 baseline model solution also favors a dust
torus in which the density profile only has an azimuthal
dependence (γ > 5.6), i.e. a strong decrease on the
dust/gas density when the half-opening angle increases.
6.3. About our simultaneous fitting technique
Apart from simultaneously explaining both mid-IR
and X-ray continuum emission, the main advantage of
being able to link some parameters from mid-IR and X-
ray models is that we can find all of them from the final
fit (see Fig. 6). Therefore, we can obtain more infor-
mation and explore the source of obscuration at both
wavelengths.
In the case of IC 5063, we found that the best option
to fit its spectra is using a combination of the Smooth
and borus02 models (bS2). A caveat on this result is
that these two models may have been our best choice to
fit the data due to their geometric similarities. Indeed,
both models assume a smooth distribution arranged in
a torus-like structure. Nevertheless, these models as-
sume a different density distribution; the borus02 model
assumes a uniform density profile for the gas distribu-
tion and the smooth model considers that it decreases
towards large azimuths and radii. Additionally, the
smooth model assumes that a dusty structure is located
between an inner and outer radius while gas can reach
the accretion disc. Recently, Tanimoto et al. (2019)
constructed the XCLUMPY model that is the radiative
transfer of neutral gas at X-rays using the same distri-
bution as the clumpy torus at mid-IR. A combination
14 The highest spatial resolution obtained with ALMA uses a
configuration C43-10 in band 7
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of XCLUMPY and Clumpy models might also get good
results. We can discard this scenario for IC 5063 since
the residuals seen at mid-IR for the Clumpy model are
significantly larger than those reported for the smooth
mode. However, as we expect different AGN to be bet-
ter reproduced with different models, we will explore
this possibility using a AGN sample in a forthcoming
paper (Esparza-Arredondo in preparation).
Finally, a few words on the applicability of this tech-
nique to AGN samples. Our technique of simultaneous
fitting can be applied to any type of AGN that is not
dominated by the host galaxy. The best results could
be found when using the high-spatial resolution mid-
IR spectra and hard (> 10keV) X-ray spectra to en-
sure a proper decontamination of the host galaxy and
a characterization of the reflection component, respec-
tively. The reflection dominated spectra at X-ray (i.e.
with high obscuration towards the LOS) are also bet-
ter targets. Spitzer/IRS spectra can be used as long as
the AGN dominates the emission, future JWST obser-
vations would be needed otherwise.
7. CONCLUSIONS
In this work, we explored if the X-ray reflection com-
ponent and the mid-IR continuum of AGN are linked
to the same structure, i.e. the so-called AGN torus.
Showing that is the case, we also investigate if the com-
bination of X-ray and mid-IR spectra and different torus
models could help us to restrict the torus physical pa-
rameters of the nearby Seyfert IC 5063 galaxy. We con-
sidered Spitzer/IRS and NuSTAR spectra for this anal-
ysis. We combined the radiative transfer code borus02
at X-ray (Balokovic´ et al. 2018) to describe the X-
ray reflection and Smooth (Fritz et al. 2006), Clumpy
(Nenkova et al. 2008b), or CAT3D-wind (Ho¨nig & Kishi-
moto 2017) models to describe mid-IR AGN dust to cre-
ate a set of baseline models. We found that the combina-
tion of the borus02 and Smooth models is the best choice
to fit the spectra from both wavelengths of IC 5063.
Moreover, all the parameters of the dusty torus can be
constrained if the X-ray and mid-IR inclination and half-
opening angles are linked to the same value (bS2 base-
line model). This link between parameters suggests that
the same structure producing the reflection component
is emitting through dust heating at mid-IR. This could
be the first time such behavior is confirmed by compar-
ing the expected morphology at and obscuring material
distributions at both wavelengths. This technique can
be used to infer the physical properties of the torus of
any AGN that is not dominated by the host galaxy at
mid-IR and shows a significant fraction of the reflection
component at X-ray.
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